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Abstract: A new system of energy management for distributed renewable energy generation is proposed. The complex
characteristic of this system is analyzed, and requirements on coordination and optimization for energy management are
presented in the agent-based modeling simulation. The intelligent hybrid agent is proposed with a three layer model, and
a dynamic macro multiple agent system is built. New concepts of the main-agent and the mobile-agent are proposed to
facilitate the decision-making and the system optimization. Finally, a colored Petri Net is built and applied to simulate the
cooperation and optimization process of the system in operation. The results show that the system is valid, rational and
effective.
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1 ??(Introduction)
????????????????????[1]
????,?????????????.????
??????????????????????
??????????????????????
???????????(??50MW??),???
???????[2]. ????????,?????
??????,?????????,??????
????????????, ?????????
???,???????????. ???????
?(??)???????????????????
??????????????????????
????,?????????.
?????????, ??????????
??, ???????????????????
?????????, ????????????
????????????[3],????[4]??,?
??????????????????????
???????.??[5]???????????,
?????????????????????
?????, ????????????????
????????[5], ????????????
????????????. Mohamed?????
???????????????????????
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????????????????,??????
????????????, ?????????
????????????,???????,??
??????????????????????
???????????????[6]. Dimeas??
?Agent??(MAS)?????????????
????????????,?????????,
??????????,??????,?????
????????,????????????[7].
Lum????????????????????
????Agent??, ??MAS??, ??????
??????????????????????
???????????, ??????????
????????????[8]. ???, ?? [2]?
??????????????????????
??????[2]. ??????????????
????????????????[9], ????
?????????????. ????????
?????????????????????,
??????????????????????
?, ??????????????Agent??[10].
?????????????, ????????
??????????????????????
?, ????????????[11]??MAS???
?????, ??????????Petri????
????????[12–15].
???????????????????–?
????????????, ?????????
??????????, ????????, ??
??????????????????????
?,????????????????????
??,????????????????????
??????????????????????
??, ??????Agent????, ??????
???????, ??????????????
?????????.??,????Petri????
??????????????, ???????
?????.
2 ???????????????(Dis-
tribution generation based on renewable en-
ergy)
2.1 ??????(Frame of the DG)
????????????????????
??????,???????????????
??1??.
? 1 ???????????????????–????????????
Fig. 1 Framework of distributed renewable energy power system in renewable energy research center of
South China University of Technology
??1????, ??????. ?????
????????????????????, ?
???????????. ?????????
??????????, ??????????
???????????????, ?????
?????????????????????
??????????/??????????
???????. ?????????,????
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?????????, ???????????
????????????,?????????
????????????–?????????
?,????????????. ???????
??,??????????????????.
2.2 ??????(Energy management system)
????????????????????
??????,????????????,???
????,???????????,??????
???,??????.????????????
????????,?????????????
??????????????????????
???????,?????????,?????
?????????,????????????
???????. ??????????????
???????????.??????????
????,?????????????????
???,??????????????????
??. ??,?????????,??????,?
?????,????????????????
?,?????????????,???????
??????,???????????????
?,???????????????????,?
??????????????????????
?????,?????????,???????
??????.
????, ????1, ??????????
??????????: ???????, ???
???????????;??????????
?, ??????????????; ? ????
???????,??????????????;
???????????????????,??
????????????????;?????
????,????????,?????????
?????,????,????????????
?,?????????. ?????????,?
????????,?????????????
??????.
??????,???????????,??
??????????,???????????
??????,?????????:
1) ?????.????????????,?
????????????????????,?
?????????,????????????
?,????????????.
2) ????.??????????????
?????????????????, ???
????????????.
3) ????.??????????????
?(??)????(??)????????.
4) ???????????.???????
????????????, ????????
?????,????????,???????
?????????.
??,?????????????????
????????????–???????,?
?????Agent????,?????????
????,????????.
3 ??Agent?????????(Model-
ing to the EMS based on agent)
??Agent???????????????
??????,?????????????. ?
???????,???????????,??
?????????????????????
????. ??, Agent???????????
????,?????????????????
?????,????????,???????
??????????,??????.
3.1 Agent???????(Micro model build-
ing)
????Agent?????????????
??,??????(???PV??)?????(?
??)?????, ??????????Agent,
?????Agent???Agent. ??????:
??Agent(wind turbine agents, WTAs): ??
Agent???,????????????.
??Agent(photovoltaic array agents, PVAs): ?
?Agent???,???????????.
??Agent(load agent, LA): ???????
??. ???????????Agent(interruptible
load agent, ILA)???????Agent(uninterrupti-
ble load agent, ULA)??.
??Agent(battery agents, BAs): ??????
?????. ??????????Agent??
?. ????Agent?????????????
?,????????????????????
?,??????????????????, ?
?Agent???????, ???????, ??
?????+?;????????????,??
?????,???????–?.
??????????, ??????Agent,
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????:??Agent(power grid agent, PGA):??
Agent?????, ????????????,
????????????????,??,??
??, ?????????????: ????
?????????,??Agent???????
?????;?????????????,??
Agent?????????. ?????Agent?
???????????, ?????????
????????,??,??????????,
??????Agent??, ???Agent????
?????????,???????–?,???
????????????,???????+?.
????1,??Agent??????????
?????????????2??. ??Agent
?????????????????????
????????.
? 2 ????????????
Fig. 2 The construction of the DG EMS model
???????????,????????
??Agent, ???:????????Agent??
????????????????,?????
????????????????;?????
??????????????????Agent
?,??????????,?????????.
??Muller?????????NTERRAP[15],
??????????????, ??3???
????, ???????????, ??, ??
??????, ????????, ??Agent?
?????3??.
? 3 Agent????
Fig. 3 The micro model of agent
?????3?,?????????????
???,???????????,??????
???????????. ??????Agent?
?????,?????????,??????
???????,?????????,????
?Agent????, ???????????. ?
?3????, ??????????, ????
????, ????????????????
?. ??????????????, Agent??
????–??–??–??–??–???????
???,?????–??????????,??
???????????, ?????????
?????????????. ???, ???
??????????,????Agent????
?Agent????????.
3.2 MAS???????(Macro model building)
3.2.1 MAS?????(Framework of macro mo-
del)
MAS???????, ????Agent???
?????????????. ???????
?????????????????????,
???????????. MAS???????,
?????????????????????
????.
?????????MAS??,??????
?, Agent?????????????????
????????, ?????MAS?????
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?, ?????????????. ??, ???
?????MAS, ??????, ??????,
????MAS??.
?? 1 ???????????????
??MAS???, Agent???????????
??, ???????????Agent????,
MAS?????????, ????Agent??
?, ??????????Agent?????, ?
???????????, ?????????
????.
3.2.2 ???????MAS(Dynamic structure of
MAS)
?????MAS????????4??.
? 4 MAS???????
Fig. 4 The macro system architecture of the MAS
??4????:
1) ????3?, ????????????
??. ??, ???????????, ????
????????,???????????.
2) ????Agent?????????,??
???????????,?????????.
3) ??Agent(mobile agent, MA): MA?MAS
?????, ?????MA????????
?,???????????????????,
???????, ??????, ??????
?Agent??. ?????Agent???????
?,?????,????Agent.
4) ??Agent: ??MA???Agent????
??Agent,???????. ?????Agent?
?????Agent???. ????Agent???
?????Agent?????.
5) ??????Agent????????,?
?????, ????????, ??Agent??
???????, ????Agent??????,
???, ????,??4??????????.
???????Agent?????????,??
??Agent. ????????WFA(?????
?Agent)?PVFA(PV?????Agent)?BFA(??
???Agent). ????Agent, ULA??????
?ILA,??ULA????Agent????Agent.
6) ??????Agent?????????,
??????????.????,????FA?
??????, ??????, ???????
?????????. ????????, ??
????Agent?WFA?PVFA?BFA???,??
?????,??3??????Agent,??MFA,
MFA ???ULA???, ??????, ???
???.
??, MAS?????????,?????
????????,?????Agent?????
??,????. ?MAS????. ??????
?????????,??Agent???????,
?????Agent?????,????????
???,???????,???MAS?????
???,?????????????,????
??????????????.
3.3 MAS???????(MAS coordination
method)
??MAS?????, ?5???MAS???
????????. ??5???, ??????
??????????:
?1??: ??????????. ??,??
???Agent???????????,????
??; ??, ???????????, ????
??Agent FA???????Agent????, ?
??????????, ??????????
?,??????;??,??????Agent FA?
?????,?????Agent MFA??????
??,???????????,???????
??,??????;
?2??: ????????????: ??,
MFA????????????, ?????
?, ??????; ??, MFA???????
???FA; ??, FA????????????
?Agent??.
? 5 MAS??????????
Fig. 5 The process of optimization and cooperation for MAS
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??MAS????????????, ???
?????????,????????????,
??????Agent?????????????,
?????????????,???Agent???
?????,?????,??????. ????
?????????????????,????
?????,????Agent?????.
4 ????(Experiment and simulation)
??????Petri???????????
??. Petri??1962??C A Petri??, ????
????????????????, ????
?????????, ????????????
?????????????.
??Petri????Petri??????, ??
????????????????, ???
??Petri????????????????
?[17].
4.1 ????(CPN model building)
??????????????,?????
Petri???6??.
? 6 ????Petri?????????????????
Fig. 6 The dynamic simulation of the process in optimization and scheduling
?6?????Token??????????:
1) ??Token?????: WPQ = (W,WP,
WQ), PV PQ = (PV, PV P, PV Q), BPQ = (B,
BP,BQ),???WTA, PVA?BA??,??(Agent
ID,???, ????). S??????????
???????????????.
2) ??????: Wi(i = 1, 2, · · ·, n), PVi(i =
1, 2, · · · , n), Bi(i = 1, 2, · · ·, n)???WTA, PVA?
BA???????????(??AgentID, ??
?????????); LOA???Agent(???
?????????, ?????????);
WA1, PA1, BA1??????Agent, ????
Agent???Agent??????Agent(????
?(0, 0, 0)); WMA, PMA, BMA????????
? 2? ???: ???????????????????? 263
????????????Agent(??Agent ID?
?????Agent????????, ?????
?); MA1?WMA?PMA????(??Agent ID,
?????PV Agent????????, ???
???); MA??????Agent????(??
Agent ID, ????Agent????????, ??
????); MAA??????(??Agent ID, ?
???????, ?????????????
??); WP(PW)??WTA??(PVA??)???
?, ???WTA??(PVA??)?????Agent
????; WPS?????Agent???PV Agent
??????????????????, ???
????????; PB????Agent?????
?.
3) ??????:
CWi(i = 1, 2, · · · , n)?MA???Agent??
???; CPi(i = 1, 2, · · · , n)?MA?PV Agent?
????; CBi(i = 1, 2, · · · , n)?MA???
Agent?????; CA1?MFA???Agent??,
??????; CA2?MFA????????
??WFA; CA3?MFA??????????
PVFA.
4.2 ???????(Simulation and analysis)
??????, ???Agent???: ????
?Agent???(1, 5, 3), (2, 3, 2), (3, 4,1); ????
Agent???(4, 4, 2), (5, 4, 3), (6, 5, 3); ??Agent
???(7, 3, 1), (8, 4, 2); ??Agent?(18, 6); ??
?????Agent?????(0, 0, 0).
??: ? ??Agent??????, ?????
???????; ? ???????????1
?, ??????????????, ?????
??;???Agent???????,??Agent??
??????ID???????, ???????
????????????1???Agent????
??.
????CPN Tools(Version2.2.0)?????,?
????Token??:
WA1: (0, 0, 0)→(1, 5, 3)→(1, 8, 3)→(1, 8, 3);
PA1: (0, 0, 0)→(4, 4, 2)→(5, 8, 3)→(5, 13, 3);
BA1: (0, 0, 0)→(7, 0, 0)→(8, 4, 2).
????: ????, MA????1?Agent?
?????Agent, ???????????8; ?
?5?Agent?????Agent, ????????
???13; ??8?Agent??????Agent, ?
??????4.
MA : (0, 0, 0)→(1, 8, 3)→(5, 21, 3)→(5, 25, 3),
??????Agent?5?Agent, ???????
?25.
??Agent????Agent??????:
(18, 6)→ (14, 6)→ (9, 6)→ (5, 6)→
(0, 6)→ (0, 3)→ (0, 0),
???????????????????.
??????S(1),???????????
??,??????. ????CPN Tools(Version
2.2.0)?????. ???????, ?????
?????????????????????
????????,??????????.
5 ??(Conclusions)
?????????,??????????
?????????????????????
????????????????, ????
ABMS???????. ??????,????
?????Agent???,??????????
?????????Agent, ?????3???
Agent???????. ???????????
???????????????, ?????
?????????3????????MAS?
???, ?????Agent???Agent????
?????, ?????Petri????????
????????????????, ????
???????????. ?????????
?????????????????????
?????????????, ???????
??????, ??????????????
????????????.
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